Abstract-Active Vibration Control (AVC) is well known nowadays as an optimum technique in vibration suppression of flexible structures. Due to the complexity of the dynamics system of flexible structures, vibration control process is quite a challenge. In this paper, the vibration control of flexible plate using classical proportional feedback gain controller method is studied, experimentally. The AVC-P controller design is implemented to a full clamped flexible plate system to evaluate its vibration attenuation performance. The system's dynamic model considering the collocated placement of the sensor and actuator is derived within the LabVIEW environment. The first five frequencies of vibration mode were obtained. The result indicated that the AVC-P controller propose possessed the ability to attenuate vibration of the flexible structure.
INTRODUCTION
In the last two decades, the application of lightweight, strong and flexible structures in avionic and marine industries have increased incredibly. However, these flexible structures cannot expose to unwanted vibration as it will bring damage due to the stress produced. This will lead to instability, long time fatigue and under performance systems. Thus, controlling the unwanted vibration becomes priority to ensure good performance of the structure. Traditional passive vibration control cannot cope with this low frequency vibration due to its limitations such as lack of versatility, large size and weight, and de-tuning of tuned treatments. Therefore, Active Vibration Control (AVC) was introduced to cope with this problem.
The term of flexible structure is customarily used within the control engineering community to refer to a system with oscillatory properties that is characterized by a strong amplification of a harmonic signal for resonant frequencies [1] . A structure also considered as flexible structure that has its Eigen functions in low frequency around 20 Hz [2] . Amongst various types of flexible structures, thin plates are commonly used in mechanical structures and designs. Usually, plates can resist to static loads but the system become unstable when it comes to dynamic forces and random cyclic loads.
II. ACTIVE VIBRATION CONTROL (AVC)

A. Proportional Controller Scheme
The classical proportional gain controller is a well established method alongside PID controller in control area since it was introduced. It is a robust solution for many control problems. Previously, there are several implementations of proportional gain controller in vibration suppression area. Nissing utilized the proportional gain controller to compare the performance with optimization system identification strategy of vibration damped for a flexible robot [3] .
Then, researchers also combined several intelligent methods to tune the PID in order to design a robust controller for various vibration suppression of flexible structure problems [4, 5, 6] . In this study, an experiment was performed by implementing only the proportional gain controller to reduce the disturbance vibration in flexible plate system. This selection of controller was made to ensure less time taken to compute the output and fast feedback response of the actuator. The proposed AVC-P controller scheme is shown in Figure 1 . Based on Figure 1 , V a , G a , F a , F d , F, G, a, G s and K p are voltage to actuator, transfer function of actuator, actuator force, disturbance force, total force, transfer function of plate system, observation acceleration, transfer function of sensor and proportional gain respectively. Accelerometer will collect the plate acceleration at observation point H when the plate vibrated due to disturbances force from electromagnetic shaker. The current plate acceleration was compared to desired acceleration condition, a=0 to find its mean square error (MSE). And the mean square error (MSE) then tuned the proportional gain controller to reduce the unwanted vibration acted on the plate system.
B. Experimental Setup
In this study, collocation of sensor and actuator was implemented. Thus, accelerometer was placed at the opposite side of piezoelectric patch actuator on the thin plate (see Figure 2) . The collocated placement of sensor and actuator method can synthesis single input and single output (SISO) controller to avoid phase hysteresis and larger space utilised [7] . The accelerometer was set to read 1600 plate acceleration in period of 1s per iteration. Electromagnetic shaker will produces the disturbance force on to the plate system. Various types of disturbance forces can be manipulated by function generator including sinusoidal, square and step input signal. Then, acceleration of the plate was collected by accelerometer and supplied to analogue to digital converter (ADC) in LabVIEW through data acquisition (DAQ) card.
As a result, voltage is produced after the input acceleration was computed in LabVIEW environment. The opposite voltage signal then will be supplied to digital to analogue converter (DAC) that will convert the voltage into actuator force, F a when the piezoelectric patch is switched on. This action will attenuate the vibration of the flexible plate. A thin aluminium plate was treated as a flexible plate in the study. Table I list the parameters of the studied plate. 
C. Piezoelectric Actuator
In the experimental study, a bending type P-876 A-15 DuraAct piezoelectric patch transducer was chosen to attenuate the disturbance vibration force from the plate [9] . The piezoelectric patch was glued with adhesive to attach with the surface of the plate at point H. Table II shows the mechanical properties of the piezoelectric patch used in the research. The bending actuator is contracted when voltage is applied to create counter force. Figure 4 shows the lateral contraction of piezoelectric patch as voltage is supplied. The contraction of piezoelectric patch actuator will produces bending moment which is normal to the thin plate to cancel out the unwanted vibration force. to attenuate the disturbance force from the dynamic system of flexible plate. Figure 6 describe the initial condition of the thin plate without any disturbance force acting on it. When the disturbance force, F d produced by electromagnetic shaker acting onto the plate system, the initial state was changed as shown in Figure 7 . The first five mode frequencies was identified and tabulated in Table III. The first resonance frequency of 20 Hz sinusoidal force was selected to vibrate the flexible plate in the study. Then, the propose AVC-P controller was implemented to the plate system in order to evaluate its vibration reduction performance. Figure 8 and Figure 10 respectively show the capability of proposed AVC-P. Figure 9 describes the graph plotting mean square error (MSE) of acceleration versus sampling time. The controller was switched off until mean square error have reached 0.02 in 26s period of time. It is found that the longer proposed AVC-P controller is switched on; total MSE will reduce gradually. It also leads to larger reduction of total plate energy. However, the experiment only can be performed in small period of time due to limitation of instrumentations such as stability of the electromagnetic shaker. The time domain results then was transformed into frequency domain through Fast Fourier transform (FFT) method as shown in Figure 10 . The final values of plate energy was (in dB) was compared to the initial values for each first five resonant frequencies to calculate the energy reduction. The reduction of plate energy for the first five resonant frequencies was tabulated in Table IV . IV. CONCLUSION This paper presents an online experimental of active vibration suppression of a flexible plate using proportional gain feedback method. The collocation of sensor and actuator was implemented in this study with the controller derived in LabVIEW environment. The experiment results indicated that proportional gain controller possessed the ability to attenuate the unwanted vibration of flexible plate studied. The major part of the AVC-P controller scheme proposed was regarding the estimation of proportional gain value, K p to ensure fast and stable response to the plate system. Several intelligent control methods such as iterative learning algorithm (ILA), genetic algorithm (GA), and fuzzy logic (FL) can be applied in the future in order to design self tuning PID.
